Purpose To synthesize and characterize a poly (amido amine) dendrimer-camptothecin (PAMAM-CPT) conjugate and evaluate its activity on human colorectal carcinoma cells . Methods The attachment of CPT to amine-terminated PAMAM was facilitated through a succinic acid-glycine linker. The conjugate was characterized for absence of small molecular weight impurities, size and drug content. Stability of the conjugate in PBS and growth media and its in vitro activity on HCT-116 were studied. Cell cycle arrest and nuclear fragmentation upon PAMAM-CPT treatment were investigated. Results The conjugate was stable under physiological pH (7.4) in PBS and in growth media (with 10% FBS) with minimal release of 4% and 6% drug, respectively, at 48 h. PAMAM-CPT inhibited proliferation of HCT-116 cells with an IC50 value of 1.6±0.3 µM. The conjugate induced signs of cell cycle arrest with up to 68% of cells blocked in the G 2 phase. Confocal images of cells treated with PAMAM-CPT suggest nuclear fragmentation and formation of apoptotic bodies.
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INTRODUCTION
Camptothecin (CPT) is a potent chemotherapeutic drug that is used clinically to treat a variety of malignancies (1) . It is a plant alkaloid from the tree Camptotheca acuminata which inhibits the DNA enzyme topoisomerase I. Like many anticancer drugs, CPT is poorly water-soluble, causes systemic toxicity, has low oral bioavailability and is limited by doserelated toxic effects (2) . CPT-based delivery systems can provide selective tumor accumulation, increase solubility and efficacy and reduce adverse drug reaction (3) . Analogs of CPT such as irinotecan and topotecan are widely used in chemotherapy against colorectal cancers (1) along with other anti-cancer drugs such as 5-fluorouracil and oxaliplatin. Colorectal cancer is among the leading causes of cancer-related deaths (4). These cancers demonstrate minor symptoms reducing the chance of early diagnosis and are present in anatomically inaccessible sites further complicating treatment. Current therapies include surgery assisted by combination chemotherapy (5) and radiation therapy but with only limited benefit during advanced stages of the disease and hepatic metastasis (6) . The central problem in cancer chemotherapy is the severe toxic effects of available drugs to healthy tissue, thus limiting the dosage and causing treatment delays or resulting in termination of therapy. Polymeric conjugates of anti-cancer drugs have shown to be beneficial because they can alter biological distribution, improve therapeutic efficacy, lead to longer retention times, and most importantly reduce systemic toxicity (7) . Polymer therapeutics can accumulate passively at the tumor site due to the enhanced permeation and retention (EPR) effect (8) and escape P-gp efflux pumps (9) overcoming multi-drug resistance.
Poly (amido amine) (PAMAM) dendrimers are a unique class of nano-scale polymers with highly defined architecture and multifunctional surface groups that can carry multiple molecular entities (10) (11) (12) . The physical, chemical and biological characteristics of branched PAMAM dendrimers combined with passive targeting based on nano-dimension mediated EPR effect (11,13) make them useful candidates for targeted delivery of anti-cancer agents. PAMAM dendrimers can increase the solubility of hydrophobic drugs (14) (15) (16) and improve translocation across epithelial and endothelial barriers (9, (17) (18) (19) (20) , increasing the oral bioavailability of poorly soluble and poorly bioavailable drugs. We have shown that complexes of PAMAM and CPT analogs improve the trans-epithelial transport and cellular uptake (20) of the drug. It would be desirable to synthesize and characterize covalent conjugates of such systems so that nonspecific release in the blood-stream is reduced and release is facilitated at the target site. As a step towards that goal we present here the synthesis, characterization and in vitro evaluation of a PAMAM-CPT conjugate.
MATERIALS AND METHODS
Chemicals
Poly (amido amide) (PAMAM) dendrimers of generation 4 (G4.0, MW= 14,214.17) were purchased from Sigma Aldrich (St. Louis, MO). Camptothecin (CPT, MW = 348.35) was purchased from AK Scientific (Mountain View, CA). BOC-Glycine-OH, 4-dimethyl amino pyridine (DMAP), trifluoroacetic acid, N, N'-diisopropyl carbodiimide (DIPC), 1-[3-(dimethyl amino) propyl]-3 ethyl carbodiimide methiodide (EDC (m)), N-hydroxy sulfosuccinimide sodium salt (NHS-s), N, N-diisopropyl ethylamine (DIPEA), succinic anhydride and dimethyl sulfoxide (DMSO) were also purchased from Sigma Aldrich (St. Louis, MO). Silica gel 60 was purchased from Alfa Aesar (Ward Hill, MA). All solvents used in this study were purchased from VWR International (West Chester, PA) and used directly without any further purification unless otherwise mentioned.
Synthesis of PAMAM-CPT
PAMAM-CPT conjugate was obtained in a three-step synthetic procedure as indicated in Scheme 1 and briefly described below.
Glycine-Camptothecin (1a)
BOC-glycine-OH was attached to CPT (4-Ethyl-4-hydroxy-3, 4, 12, 14-tetrahydro-1H-pyrano [3′, 4′: 6, 7] indolizino [1, 2-b] quinoline-3, 14-dione) through an ester bond at 20-OH position similar to a reported procedure (21) with modifications. Briefly, BOC-glycine-OH (1.157 g, 6.61 mM) and CPT (1.150 g, 3.31 mM) were dissolved in 1.2 l of 3:7 mixture of anhydrous dichloromethane (DCM) and anhydrous tetrahydrofuran (THF). The solution was cooled to 0°C with stirring followed by the addition of DMAP (0.808 g, 6.61 mM) and DIPC (0.834 g, 1.023 ml, 6.61 mM) under anhydrous conditions. The temperature was maintained at 0°C for 2 h and then allowed to warm to room temperature with continued stirring overnight. Completion of reaction was monitored by the disappearance of the starting material using thin layer chromatography (eluent-methanol: ethylacetate : 1:19 (v/v)). The product was purified by column chromatography (Silica gel 60) and eluted in 5% methanol in ethyl acetate. The combined organic solvent was concentrated invacuo. The concentrated product was dissolved in a 20% solution of TFA (v/v) in anhydrous DCM (100 ml) and stirred for 2-4 h to yield glycine-camptothecin. The acidic solution was neutralized by DIPEA, and the solvent was evaporated under vacuum to give glycine-CPT. The product was confirmed by mass spectroscopy (m/z, M
+1
) and used for the subsequent reaction without further modification.
Succinic Acid-Glycine-Camptothecin, (S-G-CPT) (1b) Glycine-CPT (100 mg, 0.247 mM) was dissolved in anhydrous pyridine (20 ml). Succinic anhydride (49.34 mg, 0.493 mM) and catalytic amounts of DMAP were added to the reaction mixture and refluxed at 60°C under overnight stirring. Completion of the reaction was monitored by the disappearance of the starting material on TLC (Eluent-methanol: ethylacetate : 1:9 (v/v)). The solvent was evaporated under vacuum, and then the product was purified by column chromatography (Silica gel 60) and eluted in 10% methanol in ethyl acetate to yield S-G-CPT. The formation of the product was confirmed by mass spectroscopy (m/z, M +1 ).
G4.0-Succinic Acid-Glycine-Camptothecin, (PAMAM-CPT) (1c)
Succinic acid-Glycine-CPT (34 mg, 67.3 µM) (S-G-CPT) was dissolved in 15 ml of DI water followed by addition of a few drops of DMSO (0.5 ml) to obtain a clear solution. NHS-s (29.25 mg, 134.6 µM) and EDC (m) (40 mg, 134.6 µM) were added sequentially and stirred at room temperature for 5-10 min. Methanol in the G4.0 solution (79.75 mg, 5.6 µM) was evaporated to dryness under vacuum and dissolved in DI water (5 ml) followed by addition of 0.3 ml of DIPEA. This mixture was added to the above aqueous reaction and stirred overnight. Progress of reaction was monitored by TLC. Product was dialyzed (Spectrapor®, MWCO 3500) against DI water to remove small-molecular-weight impurities. The conjugate was purified from residual free drug by size exclusion chromatography using a Superdex 75, HiLoad (16/60) prep grade column (GE Healthcare, Piscataway, NJ). The final product was lyophilized to obtain a powder product.
Characterization of PAMAM-CPT
Size Exclusion Chromatography (SEC) and Dynamic Light Scattering (DLS)
The synthesized PAMAM-CPT conjugate was characterized by obtaining a size exclusion chromatography profile on an Akta FPLC system (GE Healthcare, Piscataway, NJ) with a Sepharose 12 (10/300) column (GE Healthcare, Piscataway, NJ). Phosphate-buffered solution (PBS, pH 7.4) with 1% sodium azide was used as elution solvent. 0.1 ml of a 4 mg/ml solution of PAMAM-CPT was injected into the column after filtering through a 0.2 µm membrane. Ultra-violet (UV) and DLS detections were simultaneously monitored, and conjugate peak was analyzed to determine its hydrodynamic radius using a Quasi-Elastic Light Scattering (QELS, Wyatt Technology Corporation, Santa Barbara, CA) detector, and calculations were performed using the Astra V 5.3.4.14 software (Wyatt Technology Corporation, Santa Barbara, CA) with a dn/dc value of 0.134 as projected by the software. Size measurements of the native G4.0 dendrimer were done on samples purchased directly from Sigma (St. Louis, MO). 
High Performance Liquid Chromatography (HPLC)
The product was analyzed for the absence of traces of free drug by HPLC using a C18, 5 µm column purchased from Waters (Milford, MA), mobile phase of a mixture of acetonitrile (HPLC grade) and water with 0.14% TFA in the ratio of 27:73. Twenty µl of sample was injected from a filtered 3 mg/ml solution of the PAMAM-CPT conjugate.
UV Spectrometry
Drug loading on the PAMAM dendrimer was determined using a UV-Vis spectrophotometer SpectraMax M2 (Molecular Devices, Sunnyvale, CA). The PAMAM-CPT conjugate was dissolved in DMSO and analyzed for absorbance at 370 nm. The number of CPT molecules conjugated to the PAMAM dendrimer was determined using a standard curve that was plotted based on the free drug's absorbance at different concentrations.
In Vitro Evaluation of PAMAM-CPT
Stability of the Conjugate
The stock solution of the PAMAM-CPT conjugate was prepared in distilled water and filtered through a 0.2 µm membrane. In a typical experiment, 150 µl of the stock solution was added to either PBS or growth media (GM) to make up a final volume of 1,500 µl and a PAMAM-CPT conjugate concentration of 115 µM. The stock volume added was less than 10% of the entire sample. The sample was incubated at 37°C and stirred continuously. Aliquots of 200 µl were taken out at each time point and frozen at -80°C until further investigation. Aliquots were later thawed, and the drug released was extracted into a layer of DCM. The samples were extracted three times with equivalent volume of DCM, solvent evaporated and reconstituted in mobile phase and analyzed by HPLC as mentioned above.
Cell Line
Human colorectal carcinoma cells, HCT-116, were purchased from ATCC (Manassas, VA). Cells (passages 5-25) were grown in McCoy's 5A media modified (ATCC) supplemented with 10% Fetal Bovine Serum (HyClone Laboratories, Ogden UT) in 5% CO 2 incubators at 37°C and were maintained in logarithmic phase throughout all experiments.
Evaluation of Cell Proliferation and Viability
HCT-116 cells were plated in a 96-well plate at a density of 3,000 cells/well and cultured for 40 h before being subject to various treatments. Stock solutions of CPT, S-G-CPT and PAMAM-CPT were made in DMSO and filtered through a 0.2 µm membrane before use. The treatment of various concentration ranges on the cells lasted for 48 h, after which relative number of cells was measured using water-soluble tetrazolium salt, WST-8 [2-(2-methoxy4nitrophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium, monosodium salt], as a part of the cell counting kit-8 (CCK-8, Dojindo Molecular Technologies, Rockville, MD). G4.0 dendrimers (polymer alone) were tested on cells at concentrations equivalent to polymer content in the conjugate. IC 50 values (concentration of the sample that killed 50% of the cells relative to control cells) were determined using GraphPad Prism 5.01 software (GraphPad Software, Inc., La Jolla, CA).
Cell Cycle Analysis
Cell cycle progression was monitored by flow cytometry measurement (22) . Briefly, 0.5×10 6 cells/well were plated in a 6-well plate and cultured for 24 h, after which they were treated with 3×IC 50 concentrations of CPT and PAMAM-CPT for 24 h. Cells were fixed in 70% ethanol, and stained with 50 µg/ml propidium iodide (SigmaAldrich, St. Louis, MO). Double-stranded RNA was removed enzymatically by incubating stained cells with 10 µg/ml of ribonuclease (RNAse A, Sigma-Aldrich, St. Louis, MO) for 30 min at room temperature. Analysis of DNA content in cells stained with propidium iodide was performed using FACScan (Becton Dickinson, Mountain View, CA). Percentage of cells in each phase of the cell cycle was evaluated using ModFit LT 3.1 software (Verity Software House, Topsham, ME).
Nuclear Fragmentation and Apoptotic Body Formation
Cells cultured on a glass cover slip were treated with CPT and PAMAM-CPT at 3×IC 50 concentrations for 24 h and later fixed with 4% paraformaldehyde. Fixed cells were stained with DAPI (Santa Cruz Biotechnology, Santa Cruz, CA) and visualized by a confocal laser-scanning microscope, Olympus FluoView FV1000 (Olympus Corp., Center Valley, PA). Single slice images were captured using a 60× oil immersion objective with numerical aperture1.42 and FV10 ASW 1.7 software.
Statistical Analysis
Student's T-test was used to analyze the statistical significance between IC 50 values. Percentages of cell population in different phases of cell cycle were also analyzed by the same test for statistical significance between different treatment groups. Hydrodynamic radii as determined by DLS for native PAMAM and PAMAM-CPT conjugates were also analyzed for statistical significance. Welch's correction that does not assume equal variance was performed with a two-tailed test. P-values of<0.05 were indicative of statistical difference.
RESULTS AND DISCUSSION
Synthesis and Characterization of PAMAM-CPT
CPT was successfully conjugated to amine-terminated PAMAM dendrimer generation 4 according to procedure described in Scheme 1. The site of attachment on the CPT molecule was the 20-OH group, and it was conjugated with glycine through a biodegradable ester bond as a substrate for esterases. The major sub-cellular location of esterases is in the lysosomal compartment (23, 24) and in liver tissue (24, 25) , which is the predominant site of colorectal metastasis (26) . Native G4.0 PAMAM dendrimers were used since they are effective in permeating across intestinal epithelial monolayers (27) and their complexes with a CPT analog showed increased uptake and transport across Caco-2 cells (20) . The glycine spacer was introduced to reduce steric hindrance during attachment of the drug to the dendrimer. Succinic acid was subsequently attached to glycine to enable coupling to the amine-terminated G4.0 PAMAM dendrimer. A glycine-based spacer is also known to influence controlled release of the drug as reported earlier (28) and can prevent premature release in the bloodstream. Another distinct advantage of coupling an amino acid spacer via the hydroxyl group at 20-carbon position of camptothecin is that it stabilizes the lactone ring of the drug (29) . This was confirmed by mass spectrometry of glycinecamptothecin (m/z, M +1 , 406.0) and succinic acid-glycinecamptothecin (m/z, M +1 , 506.1) (see Supplementary Material). Lactone ring-opened form of these intermediate compounds would have an 18 Da difference in mass from the ring-intact form, but only a single peak corresponding to the ring-intact form was observed in the mass spectra, which denotes the absence of ring opening. Lactone ring opening of CPT renders it inactive since it's the active site of CPT that interacts with DNA-topoisomerase I covalent complex, ultimately inducing apoptosis (2) .
Absence of small molecular weight impurities in the conjugate was confirmed by HPLC and SEC. Chromatograms indicated a single peak corresponding to the polymeric conjugate, and no small molecular impurities were observed. Hydrodynamic radius of the conjugate was determined to be 1.54±0.23 nm using DLS techniques (Table I) , and conjugating a small molecular weight drug to PAMAM did not alter its size statistically from the native dendrimer (1.45±0.07 nm). The DLS data corroborated with size exclusion chromatography elution volumes ( Table I ). Analysis of the conjugate's UV absorption spectra indicated a λ max of 370 nm that corresponds to CPT's absorbance. Drug loading on the PAMAM-CPT conjugate was about 5 wt% (Table I) .
Stability in PBS and Growth Media
It is important to study the conjugate's stability profile under physiological conditions (pH 7.4) and in the presence of serum proteins as it helps to better understand the release pattern of CPT from the conjugate. Ester bonds are susceptible to esterase activity (30) . Although they are relatively stable under neutral pH values, ester bonds are known to hydrolyze under both acidic and basic conditions (31) . Stability of the conjugate in both growth media and PBS (pH 7.4) was studied to differentiate breakdown of the conjugate due to hydrolysis or due to the presence of proteins and proteolytic enzymes such as esterases and amidases in serum. Results (Fig. 1) indicate there is a gradual increase in released drug with time in both PBS and growth media. A maximum 6% of CPT was released under growth media conditions, and 4% was released in PBS over 48 h of incubation at 37°C. The maximum incubation time was kept at 48 h to correlate with the duration that PAMAM-CPT conjugates were incubated with cells during the in vitro experiments. The control experiment with free drug (CPT) equivalent to 100% of drug present in the conjugate (Fig. 1) shows the extraction procedure employed was robust and allowed detection of 100% drug if it was released from the conjugate. (43) are based on size exclusion chromatography (2 nm) and molecular modeling of compact structure (1.5 nm)
The slightly higher release (2%) of CPT in growth media compared to PBS may be attributed to the presence of esterases in fetal bovine serum. Fetal bovine serum contains growth factors, sugars, hormones, amino acids and enzymes amongst which esterases are also present (32) . Esterases could potentially cleave the ester bond between glycine and camptothecin (21) in the conjugate, causing release of CPT. Previous reports indicate that ester bond breakdown in linear PEG-CPT conjugates (21) has a half life of 40 h in PBS, whereas dendrimer conjugates reported here are relatively stable with a maximum release of 4% at 48 h. This observation suggests a possible role of polymer architecture, accessibility and/or polymer hydration in affecting the stability of these conjugates since the drug and nature of linker bonds between the dendrimer conjugates of CPT and PEG-CPT conjugates mentioned above are essentially the same. Nevertheless, the data indicate that both hydrolysis in buffer and growth media conditions contributed to a minimal release of the drug observed over time, establishing the stability of the conjugate.
Inhibition of Cell Growth
The three analogs (CPT, S-G-CPT, and PAMAM-CPT) inhibited growth of HCT-116 cells (Fig. 2) to different extents. The free drug (CPT) was more active in inhibiting growth of these cells followed by S-G-CPT and PAMAM-CPT. There is a notable 50-fold difference in the toxicity profiles of CPT and PAMAM-CPT as evident from their IC 50 values (Table II) . This difference was expected based on earlier observations (7) that conjugating a drug to a polymeric system results in reduced toxicity based on altered kinetics of drug entry into cell, limited access to sites of toxicity and release profile from the polymer. The difference in IC 50 values between S-G-CPT (spacer+drug) and PAMAM-CPT is close to 3 times, which seems logical considering the proposed mechanism of drug release by breakdown of the ester bond present between the drug and spacer. The spacer and dendrimer are linked by an amide bond, which is known to be relatively stable and may not affect drug release to a great extent. Also significant to note was that G4.0 (polymer alone) was non-toxic to these cells at concentrations equivalent to that applied as a part of the PAMAM-CPT conjugate (Fig. 2) .
It was inevitable to analyze whether the 6% drug released from PAMAM-CPT under growth media conditions in 48 h could contribute to the entire toxicity observed due to conjugate treatment. A corresponding theoretical growth inhibition curve of 6% drug released from the conjugate was constructed to evaluate this effect (data not shown). It was found that the IC 50 value calculated from this theoretical curve was three times higher than that of the free drug (Table II) , implying that a lot more drug needed to be released from the conjugate in order to observe the same magnitude of cytotoxicity as free CPT. In conclusion, cytotoxic effect of the conjugate observed is not completely due to the released drug in media but also due to considerable amount of the conjugate that was internalized and consequently inhibited growth of HCT-116 cells.
Cell Cycle Analysis
Camptothecin (CPT) binds to the topoisomerase I-DNA covalent complex, resulting in a ternary complex, thereby stabilizing it. This prevents DNA relegation and therefore causes severe DNA damage. Damaged DNA prevents these cells from proceeding beyond the G 2 checkpoint in the cell cycle, resulting in accumulation of the cell population in the G 2 phase (33). Cell cycle arrest could be reversible when factors causing the arrest are removed, but if the damage is severe, then cell death cascades can be triggered.
Cell cycle experiments were performed on HCT-116 cells to study the effects of PAMAM-CPT treatment on cell cycle progression. Fig. 3 shows peaks depicting G 1 , S and G 2 phases of the cell cycle for various treatments that were studied. Analysis of DNA content in HCT-116 cells showed that both CPT and PAMAM-CPT were effective in blocking the progression of cell cycle. A 0.5% DMSO control is also presented to confirm the fact that minute quantities of DMSO applied on cells, as a part of either CPT or PAMAM-CPT, does not affect the cell cycle progression. Untreated control HCT-116 cells had most of their cell population present in the G 1 phase (45%) and a relatively small number (16%) of cells in the G 2 phase. In contrast, cells treated with either form of CPT showed a significant accumulation in the G 2 phase (CPT-63%, PAMAM-CPT-68%, Fig. 4 ).
Cell population in the G 1 and G 2 phases of CPT and PAMAM-CPT treatments were statistically different from the untreated control group (Fig. 4) , indicating a pronounced accumulation of cells in the G 2 phase for these treatments when compared to G 1 phase. On the contrary, cells in S phase of PAMAM-CPT and CPT treatments were not significantly different from the untreated control group (Fig. 4) , suggesting that the synthesis of DNA was not affected by these drugs which acted by blocking progression beyond the G 2 check point of the cell cycle.
Effects observed in both CPT and PAMAM-CPT treatments on cell cycle progression indicated that a similar mechanism was involved for both conjugated and free drug, causing the cell population to arrest in the G 2 phase. Several groups, including ours, previously reported that PAMAM dendrimers are endocytosed by the cellular machinery and are localized in lysosomes (34) (35) (36) . Localization of PAMAM-CPT conjugate in lysosomes that include esterases and low pH (24) may cause the conjugate to break down, thereby releasing CPT. Once released, the drug should reach the nucleus and cause arrest of cells in G 2 phase comparable to free CPT.
Nuclear Fragmentation and Apoptotic Body Formation
Chemotherapeutic drugs, depending on extent of damage caused, can induce different modes of cell death (37) (38) (39) . Cell death is a complex process that involves multiple independent and/or overlapping pathways that are not necessarily sequential events. Mammalian cells can die through different, biochemically and morphologically distinct pathways: apoptosis, autophagy, anoikis, cornification, necrosis and excitotoxicity represent a few modes of cell death (39, 40) . Mode of cell death also depends on the type of cells being studied. It was beyond the scope of this paper to investigate all individual pathways involved to ascertain mode of cell death induced by the conjugate. However, camptothecin and its analogs are known to induce apoptosis-mediated cell death as a result of severe DNA damage (41) , and hence the morphological events accompanying apoptosis were studied for both CPT and PAMAM-CPT treatments.
The cell cycle arrest observed due to PAMAM-CPT treatment can trigger specific responses within the cell that may lead to apoptosis. Nuclear fragmentation is one of the morphological signs of apoptosis (42) . In order to study the manifestations of apoptosis, such as nuclear fragmentation, treated cells were stained with DAPI, a nuclear dye (Fig. 5) . Images of untreated cells showed normal, well-established cultures of HCT-116 containing a uniform, round, evenly stained and spread nucleus. A cell undergoing mitosis is also shown indicative of a healthy population of HCT-116 cells. On the contrary, no cells undergoing mitosis were observed in the PAMAM-CPT or CPT treatments, suggesting the inhibition of proliferation. Cells treated with either CPT or PAMAM-CPT showed many tiny, bright, rounded structures containing nuclear fragments as visualized by positive staining with DAPI. These structures, also named apoptotic bodies, are suggestive of apoptotic mode of cell death.
Onset of apoptosis is characterized by cell shrinkage and condensation of nuclear material followed by break-up of the nucleus (42) . Subsequently, a process similar to budding takes place wherein smaller segments of crowded cellular organelles and nuclear fragments wrapped in plasma membrane form apoptotic bodies and detach from the original cell mass. It has been shown that proteolytic cleavage of key proteins by activated caspases can result in apoptotic morphology, and CPT class of drugs is associated with caspase-mediated apoptosis (41) .
Polymeric systems may have a different fate inside the cell compared to the free drug, and it becomes imperative to delineate the mode of cell death. It is also important to understand whether conjugating a drug to a polymeric carrier alters the mechanism of action of the drug. It is evident from Fig. 5 that the PAMAM-CPT conjugate causes the nuclear material in HCT-116 cells to fragment, denoting signs of potential apoptosis similar to free drug (CPT).
Properties of the PAMAM-CPT conjugate observed in vitro are encouraging and lead us to the next stage of evaluating efficacy in vivo for treatment of colorectal cancers. Combined with their ability to translocate across epithelial barriers and target tumor sites, PAMAM-CPT conjugates have the potential to increase efficacy and reduce toxicity associated with CPT-based chemotherapy.
CONCLUSION
We report here the successful synthesis and characterization of a novel PAMAM-CPT conjugate. The nano-scale PAMAM-CPT conjugate displayed minimal release of drug in PBS and cell culture medium and was effective in inhibiting growth of colorectal carcinoma cells, HCT-116, in vitro. Cell cycle analyses revealed accumulation of large percentage of treated cells in the G 2 phase similar to free CPT treatment. In addition, PAMAM-CPT treatment led to nuclear fragmentation and formation of apoptotic bodies in HCT-116 cells. These results demonstrate the activity and potential of PAMAM-CPT conjugates as anti-cancer drug delivery systems.
